The Ria Formosa lagoon is a natural park that constitutes the geographic limit of distribution for the dioecious seagrass Cymodocea nodosa in the North Atlantic (Cunha 1994) . This park is relatively isolated with the nearest populations located at more than 300 km away, in Northern Africa and the Mediterranean Sea.
Although no complete study of reproductive phenology has so far been conducted in the Ria Formosa meadows, previous work has shown a reduced presence of reproductive structures when compared to other Mediterranean and Canary Island populations (Caye & Meinesz 1985 , Buia & Mazzella 1991 , Terrados 1993 , Reyes et al. 1995 . The flower marks observed on rhizomes (diagnostic for previous flowering) were only observed in two of the sites studied, which were both associated with highly dynamic sandy substrate (Cunha 1994) .
Analyses of the population genetic variability of Cymodocea nodosa can reveal the importance of sexual reproduction in the Ria Formosa meadows. Both monolocus codominant markers such as allozymes (Capiomont et al. 1996 , Waycott et al. 1997 , Ruckelshaus 1998 and microsatellites (Procaccini & Mazella 1998 , Reusch et al. 1999a ,b,c, Reusch 2001 as well as multilocus dominant markers such as DNA fingerprinting (Alberte et al. 1994 ) and random amplified polymorphic DNA (RAPD) (Williams et al. 1990 , Waycott 1995 , 1998 , Procaccini & Mazella 1996 , Kirsten et al. 1998 have been used to assess genetic diversity of seagrasses. RAPD analysis is a PCR technique that leads to different banding patterns when genomic regions vary in the presence/absence of complementary primer annealing sites. This method provides an easy and economic way to amplify DNA that may be variable among samples and leads to specific banding patterns for each individual (Hadrys et al. 1992) . Moreover, as it addresses the whole genome, it presents a greater potential to detect DNA sequence variability than monolocus markers (Lui & Furnier 1993) . For example, RAPDs have revealed intrapopulation variability in Posidonia australis whilst previous allozyme studies found none (Waycott 1998). Procacini & Mazzella (1996) also used RAPDs to compare the genetic diversity of C. nodosa and P. oceanica in the Mediterranean Sea.
In this study, we used RAPD markers to assess the level of genetic variability in Cymodocea nodosa in the Ria Formosa. To evaluate a possible relationship between genetic diversity of a meadow and flower production, the sites studied by Cunha (1994) were analysed. ABSTRACT: Random amplified polymorphic DNA (RAPD) markers were used to analyse the genetic variability of the dioecious seagrass Cymodocea nodosa Ucria (Ascherson) in the Ria Formosa lagoon, Portugal, the species' northern limit in the Atlantic. Three individuals from each of 6 meadows were genotyped with 28 primers. Meadows described previously as having flower marks were compared with meadows where flowers did not occur. A single polymorphic band, specific for one meadow, was observed in a total of 177 fragments. The lack of genetic variability among meadows both with and without flower indicates that flower production is not associated with a higher level of genetic variation. The genetic homogeneity of C. nodosa in the Ria Formosa suggests a founder effect, produced by a single or a limited number of migrants composing the colonising gene pool. This hypothesis is supported by the geographic isolation from other populations as the nearest populations lie more than 300 km away from the Ria Formosa. The lack of reproductive success of C. nodosa in Ria Formosa natural park and its low genetic variability are important factors in the conservation of this species since recolonisation can only occur through vegetative growth.
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Resale or republication not permitted without written consent of the publisher Material and methods. Sampling was conducted in the western and central sectors of the Ria Formosa at 6 locations: Ponte, Daniel, Cações, Culatra, Areais and Moinho, separated by distances of 0.5 to 10 km (Fig. 1) . The 2 sites where flowering was previously described were the Cações and Areais (Cunha 1994) .
At each meadow a 30 m transect was laid parallel to the shore at a depth of about 1.5 m. Three Cymodocea nodosa samples, separated by 15 m, were collected along the transect.
The samples were then transported to the laboratory and washed thoroughly with sterilised salt water and 0.01% SDS detergent. Leaf meristems were then dissected out and stored at -80°C. DNA was extracted using the Nucleon Phytopure DNA extraction Kit (Amersham). The DNA sample concentration and quality was checked using 1% agarose gel electrophoresis followed by ethidium bromide staining.
Eighty-four 10-mer primers (Operon Technologies Inc., California, Kits A, K, L, M and N) were screened for amplification with Cymodocea nodosa DNA. Twentyfive µl amplifications were performed using 2.5 µl of 10 × Taq DNA polymerase buffer (100 mM Tris HCl pH 9.0, 500 mM KCl, 15 mM MgCl 2 ), 150 µM of dATP, dGTP, dCTP and dTTP, 0.4 µM of primer, 1 unit of Taq DNA polymerase (Pharmacia Biotech) and 20 ng of genomic DNA. PCR amplifications were programmed for a 1.5 min denaturation cycle at 94°C, 35 cycles of 30 s at 94°C, 30 s at 36°C and 30 s at 72°C, followed by a final elongation step of 10 min at 72°C. The ramp time of PCR reactions was set to 0.6°C s -1
. Amplification products were resolved using agarose gel electrophoresis (1.8%) in TBE buffer (45 mM Tris Borate, 1 mM EDTA) and visualised under UV light after ethidium bromide staining. Gels were photographed using a Kodak DC 200 digital camera. Bands were scored for presence/absence and all amplifications were tested for reproducibility by duplicating reactions at least twice. All non-reproducible bands were not included in the analysis.
Results and discussion. Out of 84, 28 primers revealed clear banding patterns. These 28 primers amplified 177 fragments, of which 176 were common to all the analysed samples. A single polymorphic fragment was found for all the 3 samples at the Moinho site. This represents only 0.6% of total amplified fragments (Fig. 2) . The high number of primers used suggests that the Cymodocea nodosa meadows of Ria Formosa are at least predominantly constituted by a single large genet. No relationship was found between genetic variability and the presence of flower marks in the vertical rhizomes.
However, care must be taken when using RAPDs to assess the genetic variability of populations because RAPDs are dominant multilocus markers and thus no distinction can be made between homozygous and heterozygous genotypes. This may hide some variability at the individual level and it is therefore not possible to conclusively state that all shoots come from the same genet by clonal propagation.
The homogenous RAPD pattern found among meadows with and without flower marks indicates that flowering is not associated with an increased genetic variation. This result may also add weight to the evidence that the number of genotypes in the Ria Formosa is very low. Such genetic homogeneity leaves very little variation for genetic recombination to produce 5, Areais; 6, Moinho Fig. 2 . RAPD amplifications of Cymodocea nodosa from 6 sites in Ria Formosa using primer OPM3. Three samples were analysed at each site: Ponte, lanes 1-3; Caçãoes, lanes 4-6; Daniel, lanes 7-9; Culatra, lanes 10-12; Areais, lanes 13-15 and Moinho, lanes 16-18. Lane M is the 100 bp molecular size marker (Amersham-Pharmacia). One arrow shows the 1000 bp polymorphic fragment, specific for the Moinho site genotypically novel offspring. In contrast to these results, Procaccini & Mazzela (1996) found high levels of RAPD genetic variability in Cymodocea nodosa from the island of Ischia (Gulf of Naples, Italy) a population known to reproduce sexually (Procaccini & Mazzela 1996) . The high level of genetic homogeneity of Cymodocea nodosa suggests that a founder effect of a migrant or a limited number of migrants was associated with the colonisation of Ria Formosa. This hypothesis is supported by the geographic isolation from other populations as the nearest C. nodosa sources lie more than 300 km away.
The polymorphic fragment found in all the Moinho meadow samples is evidence that some genetic variability exists. However, this polymorphic fragment could have been produced by the propagation of a single somatic mutation (Klekowski 1997). Theoretically a single mutation may produce a polymorphic RAPD marker.
The lack of reproductive success of Cymodocea nodosa in the Ria Formosa natural park and its low genetic variability are important factors in the conservation of this species. Major disturbances such as channel dredging, a common activity in the Ria Formosa system, cause extensive damage to C. nodosa meadows. Since sexual reproduction is not successful, disturbed areas will only recover by horizontal vegetative propagation from residual meadows. Consequently, all plans and management affecting the seagrass habitat in the Ria Formosa should consider C. nodosa dynamics in a metapopulation perspective (i.e. the seagrass patch extinction and recolonisation) with selected patches preserved to allow vegetative recolonisation in disturbed areas.
